Time to event was prolonged in g-csf-t reated patients compared with patients who did not experience neutropenia.
INTRODUCTION
Myelosuppression is a common toxicity associated with chemotherapy, and it increases a patient's susceptibility to serious infection. When neutropeniaan absolute neutrophil count less than 500/μL, or less than 1000/μL with a predicted decline to less than 500/μL over the next 48 hours-is accompanied by a single temperature reading of more than 38.2°C or a temperature consistently above 38°C for more than 1 hour, it is termed febrile neutropenia per the guidelines of the U.S. National Comprehensive Cancer Network 1 . Febrile neutropenia is considered a significant complication that increases mortality risk, hospitalization rates, and health care expenditures, and that might adversely affect quality of life 2 . Mortality rates associated with febrile neutropenia can range from 2% to 21% and are affected by patient-specific factors such as the malignancy type and comorbidities 3, 4 . Kuderer et al. found that the presence of more than one major comorbidity such as heart failure or kidney disease was associated with a greater than 21% risk of mortality in patients with febrile neutropenia and that, as the number of comorbidities increased, so did the mortality risk. The mortality rate reached as high as 82% in patients with multiple comorbidities 5 .
Development of neutropenia while on chemotherapy may be dose-limiting and can result in dose reductions or treatment delays 6 . There is evidence to suggest that when at least 75% of the planned dose is given, benefit is seen in overall and progressionfree survival [7] [8] [9] [10] [11] . However, when looking at survival
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outcomes, the evidence is conflicting, because other studies have not reported similar survival benefits [12] [13] [14] . When therapy is considered palliative, none of the three major guideline organizations-the American Society of Clinical Oncology, the European Organisation for Research and Treatment of Cancer, and the U.S. National Comprehensive Cancer Network-has made a definitive recommendation 1, 15, 16 .
One option to prevent neutropenia in cancer patients is the use of granulocyte colony-stimulating factors (g-csfs) such as filgrastim or pegfilgrastim. Use of g-csf has been proved to lower rates of febrile neutropenia; to reduce the incidence of infection, antibiotic use, and hospital admissions; and to allow for maintenance of dose intensity 5, 6, [17] [18] [19] [20] [21] . However, evidence about the benefit of these agents in overall and progression-free survival is conflicting 5, 20, 22 .
Therapy with g-csf is recommended as secondary prophylaxis in patients receiving chemotherapy with curative or adjuvant intent who have experienced dose delays or who have been hospitalized for neutropenia 1, 15, 16, 23 . The American Society of Clinical Oncology, The European Organisation for Research and Treatment of Cancer, and the National Comprehensive Cancer Network all suggest that, when treatment is palliative, a less myelosuppressive chemotherapy dose or schedule should be considered.
Most of the available evidence supporting the use of g-csfs has occurred in the adjuvant setting for breast cancer and the first-line curative setting for lymphomas, where such use has lowered the risk of infection, associated complications, and length of hospital stay 5, [19] [20] [21] . A recent study by Hecht et al. 24 in patients with colorectal cancer showed that the use of pegfilgrastim (compared with placebo) significantly reduced the occurrence of grades 3 and 4 neutropenia and reduced the occurrence of dose delays or reductions, but provided no survival benefit.
The objective of the present study was to determine whether the use of g-csf to prevent chemotherapy dose reductions and delays has an impact on survival. Our hypothesis was that patients who received g-csf support as secondary prophylaxis would experience improved survival outcomes. That is, the time to progression or death would be longer in treated patients than in those not receiving g-csf support.
METHODS
Study Design and Population
This single-centre study was conducted at Mount Sinai Hospital, Toronto, Ontario, in the outpatient oncology clinic. Our retrospective chart review of all metastatic colorectal cancer patients managed by a single oncologist was approved by the Research Ethics Board of Mount Sinai Hospital. All metastatic colorectal cancer patients at our centre who were treated with folfiri chemotherapy (irinotecan, 5-fluorouracil, leucovorin) with or without bevacizumab 25 during a 5-year period (January 1, 2007, to December 31, 2011) were included.
Outcomes and Measures
The study population was divided into three groups (Figure 1 ). Patients in group 1 had experienced at least 1 previous episode of neutropenia and were treated with g-csf. Patients in group 2 experienced a neutropenic episode but were not treated with g-csf (that is, they were managed with dose reductions or delays). Patients in group 3 did not experience any neutropenic episodes and therefore did not require g-csf support.
In the initial screening, a list was generated of all patients treated during the study period with the chemotherapeutic agent irinotecan, as part of the folfiri regimen (with or without bevacizumab) that is commonly used as first-or second-line treatment in metastatic colorectal cancer. Date of chemotherapy treatment was determined by correlating the initial paper order with the electronic database. Treatment with g-csf (either filgrastim or pegfilgrastim) was determined by extracting data from the physician's clinic notes and confirming with carbon copies of prescriptions in clinic charts. Eastern Cooperative Oncology Group (ecog) performance status (ps) scores 26 were available in all patient files; Charlson age-comorbidity index scores 27 were calculated by the data abstractor.
Days of event-free survival were calculated from the index date (first day of folfiri with or without bevacizumab) to the event date. The primary outcome of the study was a composite endpoint of time to progression or time to colorectal cancer-related death. Progression was determined by radiographically proven increases in lesion size or appearance of new lesions, at the discretion of the radiologist who compared computed tomography images taken figure 1 Patients included in the study. folfiri = irinotecan, 5-f lourouracil, leucovorin; g -csf = granulocyte colonystimulating factor. at 2-month intervals (or sooner as indicated by signs and symptoms) at the discretion of the ordering physician. Death was defined as mortality caused directly by the malignancy or by complications secondary to the disease. People who died from other causes (for example, motor vehicle accident) were censored at the date of death. Patients who were lost to follow-up or who were alive at the end of the study period were censored at the date of their last clinic visit. Secondary outcomes included rates of neutropenia (defined as a neutrophil count less than 1.5×10 9 /L) and febrile neutropenia, hospitalizations (any cause), infections requiring intervention (hospitalization or antibiotic therapy, or both), and maintenance of prescribed chemotherapy dose (measured by delay in days or by percentage decrease from the expected dose).
Data Collection
To maintain uniformity between abstractions, data were extracted from the paper and electronic medical records using a standardized case assessment form. The demographic data collected included age, sex, comorbidities, postal code (to assess socioeconomic status), family history, body surface area (height / weight), and allergy status. Clinical data collected included blood work on the index date, extent of disease (TNM staging), prior therapy, initial diagnosis and recurrence dates, dates of progression and death, neutropenic episodes, dose reductions or delays, gcsf use, bevacizumab use, and incidence of infection.
Data Analysis
All analyses were conducted using Stata/SE for Windows (version 11.2: StataCorp, College Station, TX, U.S.A.). After the data were assessed for abnormalities, chi-square tests, Student t-tests, and Kruskal-Wallis tests were used as appropriate to determine whether the baseline characteristics of the groups were comparable. Kaplan-Meier curves and median survival times were estimated by study group. To assess the associations between g-csf use, neutropenia, and risk of progression or death, we calculated hazard ratios (hrs) using Cox proportional hazards models and adjusting for other covariates. We reviewed the pattern of censoring to determine whether there was an association with survival time. All variables associated with survival at a p value of 0.20 or less on univariate analysis were entered into the full regression model, together with the grouping variable. Variables were removed, one at a time, based on p value, until the final, restricted model was determined. This process included the grouping variable and covariates associated at a p value of 0.05 or less. Any variable that produced a change in the hr of 20% or more, or that was significant when added back into the model one at a time, was retained. Although the number of folfiri cycles was associated with survival on univariate analysis, it was not included in the final model because of its dependence on outcome (days to progression or death). Continuous variables were split into categories to assess their linearity, and interaction terms were reviewed for inclusion in the model. Proportionality was assessed by plotting log[-log(survival)] by time for each stratum of each covariate 28,29 .
RESULTS
During the study period, 93 patients were diagnosed with metastatic colorectal cancer and began treatment with folfiri. Of those patients, 18 were treated with g-csf (group 1), 16 of whom had experienced at least 1 episode of neutropenia before folfiri treatment, including during prior chemotherapy. Another 44 patients experienced neutropenia, but were not treated with g-csf (group 2), and 31 had experienced no neutropenic episodes (group 3). The patients ranged in age from 28 to 86 years; ecog ps was 0 in 42 patients (45%), 1 in 45 patients (48%), 2 in 5 patients (5%), and 3 in 1 patient (1%). In 81 patients (87%), score on the Charlson age-comorbidity index was 10 or lower (indicating fewer concomitant illnesses). As shown in Table i , the groups were similar in age, sex, and other baseline variables.
The median duration of treatment was significantly longer for patients in groups 1 and 2 than for patients in group 3. Although patients given g-csf showed a trend toward a longer duration between initiation of chemotherapy and progression, the difference was not statistically significant (323 days in group 1 vs. 294 days in group 2, p = 0.47)
Survival Analysis
Median survival in these patients was 8.9 months (range: 0.9-43.3 months). On univariate analysis, no difference in the risk of an event (time to progression or death) was observed between patients in group 1 (hr: 1.00) and group 2 (hr: 1.51; 95% cl: 0.80, 2.86), but risk of an event was significantly higher for patients in group 3 (hr: 2.31; 95% cl: 1.17, 4.57) than for those in group 1. Figure 2 shows the Kaplan-Meier survival curves for the three groups. Groups 1 and 2 did not differ in time to the primary endpoint and neither did groups 2 and 3. But compared with group 3, group 1 had a significantly longer time to event. As Table ii shows, risk of an event was significantly higher in patients with inflammatory bowel disease than in those without (hr: 2.83; 95% cl: 1.19, 6.71), and patients with an ecog ps of 1 or more had a risk of an event that was more than double the risk for patients with a score of 0 (hr: 2.20; 95% cl: 1.36, 3.56). The risk of progression or death was 57% lower in patients who were treated with folfiri as first-line therapy (hr: 0.43; 95% cl: 0.25, 0.74) than in patients who did not receive that chemotherapy. On multivariate analysis, risk of an event continued to be significantly higher in group 3 patients than in group 1 patients (hr: 2.07; 95% cl: 1.03, 4.15) after adjustment for the impact of ecog ps and of use of folfiri as first-line treatment (Table ii) .
When the model was built and both ecog ps and folfiri as first-line therapy had been included, the probability of an event remained lower in the treatment group. Higher ecog ps was negatively correlated with survival, with the number of event-free days declining as ps scores increased (mean days to an event: 395 days for ecog 0 vs. 255 days for ecog 1 vs. 204 days for ecog 2 or 3). g-csf, and 44 did not. Of the 18 patients who received g-csf, 2 had experienced neutropenia while on a chemotherapy regimen before they started folfiri. Those 2 patients continued g-csf therapy when they were switched to folfiri, and they did not experience any further neutropenia. Of the remaining 16 patients supported with g-csf, only 2 (11.1%) went on to experience further neutropenia while receiving g-csf, resulting in a total treatment delay of 97 days (average of 6.1 days per patient per delay). In the group of 44 patients who experienced neutropenia and did not receive g-csf support, a significantly higher proportion of patients (23 of 44, 52.3%, p = 0.03) experienced further neutropenia leading to a total treatment delay of 1048 days (mean of 24 days per patient).
Secondary Analyses
The mean number of neutropenic episodes before g-csf therapy was 2.06 (range: 1-4 episodes) in group 1, which declined to a mean of 0.31 episodes (range: 0-4 episodes) after the initiation of g-csf support. By comparison, the mean number of episodes was 2.29 in group 2 (p = 0.65).
3.2.2
Febrile Neutropenic Episodes This study group experienced 6 episodes of febrile neutropenia. One episode occurred in a patient receiving g-csf therapy (1 of 18, 5.5%); the other 5 episodes occurred in patients not receiving g-csf support (5 of 44, 11.4%, p = 0.66).
3.2.3
Dose Reductions or Delays For patients in group 1, the mean treatment delay declined from 13.7 days (range: 0-28 days) before g-csf therapy to 5.4 days (range: 0-69 days) after supportive therapy was started. Neither of the patients who experienced dose delay while on g-csf had their dose reduced. The mean number of neutropenic episodes was higher in patients without g-csf support (2.29 episodes) that in those with such support (0.28 episodes), dose reductions were greater (mean: 6.8% vs. 0%), and delay in treatment because of neutropenia was longer (mean: 21.4 days vs. 6.06 days).
3.2.4
Infections and Hospitalizations The median number of infections did not differ between the groups, ranging from 0 to 5 documented infections requiring antibiotics. When patients who did not experience neutropenia were excluded, use of g-csf did not significantly affect the number of infections. The group treated with g-csf had a higher mean number of infections (0.87 vs. 0.48, p = 0.19), although the difference was not statistically significant.
The median number of hospital admissions also did not differ between the groups (Table iii) .
DISCUSSION
To our knowledge, this study is the first to evaluate the impact on survival of g-csf used as secondary prophylaxis for neutropenia. The use of g-csf as secondary prophylaxis did not affect survival in metastatic colorectal cancer patients.
In a recently published study evaluating the use of g-csf as primary prophylaxis in colorectal cancer patients, whose patient population was similar to most patients with stage iv disease (100% of patients in our study), the use of g-csf was found to reduce grades 3 and 4 neutropenia (absolute neutrophil count < 1.0/mL) from 50% in untreated to 15.6% in treated patients receiving folfiri over 1-4 cycles 24 . Our study examined the rate of neutropenic episodes, which declined in group 1 patients to 0.31 from 2.06 episodes per patient. Of 6 episodes of febrile neutropenia, only 1 occurred in a patient on g-csf therapy. The secondary outcomes in the previously published study included progression-free survival and overall survival, which were primary outcomes in our study. Neither study demonstrated any benefit in survival.
Our study demonstrates that g-csf lowered the number of episodes of neutropenia and febrile neutropenia, which led to fewer dose delays and reductions. Compared with other groups, the group of patients who received g-csf therapy had a lower probability of an event (death or progression); compared with the group of patients who experienced no episodes of neutropenia, the difference was statistically significant. Because of the nature of their disease, all patients will experience an event, but it appears that experiencing neutropenia and receiving g-csf therapy does reduce the probability of such an event occurring. Our results are consistent with the available literature and with current guidelines for metastatic patients, in whom a chemotherapy dose delay or reduction remains a viable treatment option when neutropenia occurs.
In terms of our secondary outcomes, g-csf had no observable effect on hospitalizations or rates of infection. The lack of a difference in hospitalizations can be attributed to the small sample size and small number of hospitalizations observed in our study. In terms of infection rates, our results were skewed by 1 patient who experienced documented cellulitis on 5 occasions caused by scratches and bites from her pet cats. That patient received g-csf therapy, but was not neutropenic during any of her infections.
Being a retrospective chart review, our study has its own inherent limitations. The nonrandomized nature of the study meant that we were unable to control for all variables. Also, patients were seen only every 2 weeks in clinic for blood work and chemotherapy; neutropenic episodes might therefore have been missed. Routine imaging (by computed tomography) was performed every 2 months unless signs and symptoms suggestive of progressive disease were noted, which might possibly have influenced the recorded time to progression. Another limitation to be considered is the generalizability of the results, given that our data were collected at a single centre managed by one physician. Nevertheless, we believe that our patient population was representative of other patient populations studied. Despite the retrospective design, our study groups were also comparable at baseline. We used the validated Charlson age-comorbidity index to compare mortality risk based on the underlying comorbidities in the patients. A study published by Ouellette et al. 28 in 2004 looked specifically at that index in colorectal cancer patients. Their study determined that, as the comorbidity index increased, so did the risk of overall cancer-related mortality. Specifically, for every 1 point increase on the scale, the risk of mortality increased by 32%. A score of 7 was used as a cut-off, and given that all of our patients had metastatic disease (which is worth 6 points on the scale), all would have scored higher than 7 on the index. The Ouellette et al. study also used a cut-off of 10 and found that patients whose comorbidity index was greater than 10 had a cancerrelated mortality risk that was higher by a factor of 6.
The care from one oncologist at a single centre reduced variability in the way patients were managed. All of the patients seen in our clinic were offered similar, if not identical, treatment regimens based on their presentation. The study also used data from a real-world clinic and not a rigorously controlled clinical trial, which might provide results that are more generalizable.
Given our findings, it remains reasonable to pursue g-csf as secondary prophylaxis in this patient population, but the high cost of therapy (CA$1500-CA$3000 per cycle) a makes access to these medications an issue for many patients. It remains important to reassure patients that if they are unable to obtain g-csf, their survival will not be negatively affected. An interesting finding in this study is that patients who did not experience neutropenia fared significantly worse that did patients who experienced neutropenia and received g-csf. Our initial hypothesis was that patients who received g-csf therapy to prevent dose reductions or delays would experience improved progression-free and overall survival. Our belief was that group 3 patients (no neutropenia) would experience survival similar to that in group 1 patients (neutropenia and receiving g-csf), based on the understanding that both groups would be receiving full-dose therapy. Our results showed the opposite, with the probability of death or progression being significantly less in group 1 patients than in group 3 patients. Once patients who did not experience neutropenia were removed from the analysis, no statistical differences were seen between the gcsf-treated and untreated groups in any predefined outcome (Table iv) .
A possible explanation for those results might be the concept of toxicity equating to efficacy, in which chemotherapy-induced neutropenia is understood to be a positive prognostic marker for survival. Evidence in the literature demonstrates a positive relationship between chemotherapy-induced toxicity and efficacy of the chemotherapy regimen. Examples include rash induced by epidermal growth factor receptor inhibitors 29 , and hypertension induced by vascular endothelial growth factor inhibitors 30 . A number of studies have also looked specifically at chemotherapy-induced neutropenia and survival. Studies in gastric, ovarian, breast, and lung cancers have all shown that survival was improved in patients who experienced neutropenia while on chemotherapy compared with patients who did not [31] [32] [33] [34] [35] [36] .
CONCLUSIONS
Our finding that g-csf use does not appear to have a significant impact on survival in patients with metastatic colorectal cancer accords with the available literature. These agents lower the incidence of neutropenia and febrile neutropenia and prevent chemotherapy dose delays and reductions. Those results, coupled with evidence in the literature, suggest that chemotherapy-induced neutropenia may be a positive prognostic marker for survival.
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